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Abstract
Idiopathic pulmonary fibrosis is an interstitial lung disease of unknown etiology resulting in pro-
gressive interstitial fibrosis, with a knownpredilection inWestHighlandwhite terriers. In humans,
computed tomography (CT) is a standardmethod for providing diagnostic andprognostic informa-
tion, and plays amajor role in the idiopathic pulmonary fibrosis staging process. Objectives of this
retrospective, analytical, cross-sectional study were to establish descriptive criteria for reporting
CT findings and test correlations among CT, clinical findings and survival time in West Highland
white terriers with idiopathic pulmonary fibrosis. Inclusion criteria for affected West Highland
white terriers were a diagnosis of idiopathic pulmonary fibrosis and available CT, bronchoscopy,
bronchoalveolar lavage, echocardiography, and routine blood analysis findings. Clinically normal
West Highland white terriers were recruited for the control group. Survival times were recorded
for affected dogs. The main CT lung pattern and clinical data were blindly and separately graded
asmild, moderate, or severe. Twenty-oneWestHighlandwhite terrierswith idiopathic pulmonary
fibrosis and 11 control West Highland white terriers were included. The severity of pulmonary
CT findings was positively correlated with severity of clinical signs (𝜌= 0.48, P= 0.029) and nega-
tively associatedwith survival time after diagnosis (𝜌=–0.56,P=0.025). Affected dogs hadhigher
lung attenuation (median: –563Hounsfield Units (HU)) than control dogs (median: –761HU), (P<
0.001). The most common CT characteristics were ground-glass pattern (16/21) considered as a
mild degree of severity, and focal reticular and mosaic ground-glass patterns (10/21) considered
as a moderate degree of severity. Findings supported the use of thoracic CT as a method for char-
acterizing idiopathic pulmonary fibrosis inWest Highlandwhite terriers and providing prognostic
information for owners.
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1 INTRODUCTION
Idiopathic pulmonary fibrosis has been described as an interstitial
lung disease of unknown etiology resulting in progressive and fatal
interstitial fibrosis.1,2 Several factors are known to trigger interstitial
lung diseases such as infectious agents, toxin exposure, drug reaction,
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immunologic condition, or neoplastic disease.1 In human medicine,
idiopathic pulmonary fibrosis has been well characterized histolog-
ically as usual interstitial pneumonia.2–4 Dogs with idiopathic pul-
monary fibrosis commonly present in middle to old age with clini-
cal findings including inspiratory crackles, cough, exercise intolerance,
dyspnea, and eventually cyanosis, and West Highland white terriers
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have a high predisposition.2,5 The disease is progressive with a pro-
tracted history. While definitive diagnosis is achieved on histopathol-
ogy in human patients, this is rarely undertaken in dogs where idio-
pathic pulmonary fibrosis is commonly a diagnosis of exclusion. Canine
idiopathic pulmonary fibrosis lesions are characterized by an accumu-
lation of collagen in the interstitial space, type II pneumocyte hyperpla-
sia and alveolar septal fibrosis.5,6 However, the pathological descrip-
tion in the dog does not match that required for a diagnosis of usual
interstitial pneumonia in most cases, and is more reminiscent of that
seen with nonspecific interstitial pneumonia in humans.2 The exact
relationship, if any, between nonspecific interstitial pneumonia and
usual interstitial pneumonia in human patients is unknown, but may
represent a spectrumof idiopathic interstitial lungdisease that eventu-
ally results in end-stage fibrosis.7 Computed tomography (CT) findings
are commonly used as the basis for disease classification and progno-
sis in people. Human patients with nonspecific interstitial pneumonia
have a better prognosis than those with usual interstitial pneumonia.7
Computed tomography features of canine idiopathic pulmonary
fibrosis have been previously described, with common findings includ-
ing ground-glass pattern, reticular abnormalities, traction bronchiec-
tasis, and honeycombing in the later stage.8–11 These characteristics
are somewhat similar to high resolution CT findings in human idio-
pathic pulmonary fibrosis except there appears to be a greater degree
of ground-glass attenuation in the dog that is reported to equate
with human nonspecific interstitial pneumonia.7,8,10 Hematology and
biochemistry profiles, bronchoscopy, and bronchoalveolar lavage are
often unremarkable in affected dogs. Chronic bronchitis can be a com-
mon comorbidity that complicates diagnosis, but also the main rea-
son for the presence of a highly cellular bronchoalveolar lavage.8,9
According to theAmericanThoracic Society andEuropeanRespiratory
Society 2011 consensus statement on human idiopathic pulmonary
fibrosis the appearance of the lung onCThas both diagnostic and prog-
nostic value that plays amajor role in disease staging anddecisionmak-
ing for patient care.12 A correlation between CT findings and clinical
signs has not been reported for the dog. An American Thoracic Society
workshop report on comparative idiopathic pulmonary fibrosis (2013)
highlighted the need for further descriptive research in order to bet-
ter define the clinical and imaging presentation of dogs with idiopathic
pulmonary fibrosis.13
Aims of the current studywere to establishCTdescriptive terms for
characterizing idiopathic pulmonary fibrosis in West Highland white
terriers and determine whether CT characteristics are correlated with
clinical signs or survival time. The study hypothesis was that the sever-
ity of the lesions on CT would be positively correlated to the severity
of clinical signs, thus supporting the use of CT as a prognostic tool for
affected dogs.
2 MATERIALS AND METHODS
2.1 Dogs
The study was a retrospective, analytical, cross-sectional design.
Databases of the following three referral hospitals were searched for
WestHighlandwhite terrierswith a diagnosis of interstitial pulmonary
fibrosis: University of Edinburgh, University of Glasgow, and Univer-
sity of Pennsylvania. For purposes of this study, the diagnosis of inter-
stitial pulmonary fibrosis was based on clinical presentation, results
from bronchoscopy, and bronchoalveolar lavage with mild changes,
and an interstitial pulmonary abnormality on CT images. Inclusion cri-
teria for participation in the study consisted of available thoracic CT
images, hematology and biochemistry, and bronchoscopy performed
at the time of diagnosis. Decisions for study inclusion for dogs in the
affected groupweremade by the first author (F.T.). The database of the
University of Edinburgh teaching hospital was also searched from July
2009 toNovember 2015 forWestHighlandwhite terrierswithout res-
piratory disease that had thoracicCT scans.Dogs for this control group
were excluded from the study if anypulmonarypathologyor significant
lung atelectasis was noted on CT, or if there was any history of respira-
torydisease in thedatabase.Decisions for inclusionor exclusion for the
control groupweremade by the first author (F.T.).
2.2 Computed tomography data recorded
All CT studies fromdogswith idiopathic pulmonaryfibrosis and control
patients were randomised and blinded reviewed by a board-certified
veterinary radiologist (T.S.) and an imaging resident (F.T.), and scored
by consensus. All assessments and measurements were performed
usingdedicatedDICOMviewer software (OsiriXv5.8.564-bit,Geneva,
Switzerland). Awindowwidthof 1400Hounsfield units (HU) andawin-
dow level of –500 HU were used. Each hemithorax was divided into
two zones: the upper lung zone dorsal to the level of the ventral wall
of the trachea and the lower lung zone ventral to it. Each of the four
lung zones were then graded on a scale from 0 to 3 by taking into
account the main lung pattern (Table 1). The severity of each lung pat-
ternwas based on previously published data in human literature.4,14,15
A grade 0 was equivalent to a normal pulmonary parenchyma, grade
1 (mild severity) equivalent to a ground-glass pattern defined as hazy
increased attenuation with preservation of the bronchial and vascu-
lar margins. A grade 2 (moderate severity) was given if there was a
ground-glassmosaic pattern (patchwork of regions of differing attenu-
ation) or focal reticular pattern (complex network of curvilinear opac-
ities) or any pulmonary consolidation or bronchiectasis defined as a
lack of tapering of the bronchi. A grade 3 (marked severity) was equiv-
alent to a generalized reticular pattern or honeycombing (subpleural
cystic airspaces) or traction bronchiectasis (irregular bronchial dilata-
tion with abnormal surrounding parenchyma) or nodular pattern. The
four scores given for each studywere then averaged and named as “CT
score”. Tracheal or main stem bronchial collapse was also recorded for
each tomographic study.
Computed tomographic lung attenuation was objectively assessed
by the first author (F.T.) by performing Hounsfield unit measurements.
A total of 14 regions of interest of 4 mm2 were placed in the pul-
monary parenchyma of each tomographic study and Hounsfield units
were recorded. The regions of interests were placed by avoiding any
vascular structure and choosing the least affected or least consoli-
dated area of the lung. One regions of interest was placed in the upper
lung zone and lower lung zone of each hemithorax within the cranial
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TABLE 1 Criteria used for grading severity of computed tomographic lung patterns in sampled dogs
Grade Lung pattern
Grade 0 (normal) Normal lung
Grade 1 (mild severity) Ground glass pattern
Grade 2 (moderate severity) Mosaic ground glass pattern, focal reticular pattern, pulmonary consolidation, or bronchiectasis
Grade 3 (marked severity) Generalized reticular pattern, honeycombing, traction bronchiectasis, or nodular pattern
F IGURE 1 Thoracic computed tomographic images with four
regions of interest placed within the pulmonary parenchyma at the
level of the carina in a dog with idiopathic pulmonary fibrosis. Lung
attenuation is specified in Hounsfield units (HU)
thorax (at level of 2nd rib), middle thorax (at level of carina), caudal
thorax (at level of 8th rib), and within the accessory lung lobe (Fig. 1).
A second set of regions of interest placements and Hounsfield unit
measurements were performed by the same operator two months
after the first set of measures in order to assess the intraobserver
variability.
2.3 Clinical data recorded
All clinical data were reviewed by a veterinary cardiopulmonary clin-
ician (B.M.C.) unaware of the CT findings. Age, sex, duration of the
clinical signs, previous treatment, results from clinical, echocardio-
graphic, and radiographic examinations were recorded. Bronchoalveo-
lar lavage with cytology and culture findings were also recorded. Post-
mortem histology of the lung, cause, and time of deathwere registered
when available. Each clinical sign (cough, dyspnoea, exercise intoler-
ance, and crackles) was scored for each animal. The scoring of exer-
cise intolerance was based on anamnesis and scoring of dyspnoea and
crackles was based on clinical examination. The scoring of cough relied
on both information. For each of these clinical signs a score of 0–3was
assigned as follows: 0 = absence of the sign, 1 = mild severity of this
sign, 2 =moderate severity, and 3 =marked severity. The four grades
were then taken into account to establish the “clinical score”, a whole
number from 0 to 3.
2.4 Data analyses
Statistical analyses were performed by two authors using commer-
cial software [(SPSS 20 software for Macintosh, SPSS Inc, USA (F.T.)
and R Core Team 2016, R: A language and environment for statisti-
cal computing, R Foundation for Statistical Computing, Vienna, Austria
(I.H.)]. An intraclass correlation coefficientwas computed to assess the
reproducibility of theHounsfield unitmeasurementswith a confidence
interval of 95%. Since the sample size was small, nonparametric tests
were used. The Spearman rank correlation coefficient test was used
to assess the correlation between the clinical, CT scores and survival
time from diagnosis. The difference of lung attenuation in dogs with
idiopathic pulmonary fibrosis compared to control dogs was assessed
with a Mann–Whitney U test. The area under the receiver operating
characteristic curve was calculated as a measure of diagnostic perfor-
mance. To estimate uncertainty in this measure two approaches were
used: a simulation of 10,000 data sets from the original data adding
normally distributed noise using the variance estimated in the repeata-
bility study, and a parametric estimation of the area under the receiver
operating characteristic curve assuming idiopathic pulmonary fibro-
sis scores from case and control dogs were normally distributed with
means from the observed data and variance adding the observed vari-
ance and repeatability variance. The critical significance level for sta-
tistical tests was set at 0.05.
3 RESULTS
3.1 Dogs
A total of 21 West Highland white terriers diagnosed with idiopathic
pulmonary fibrosis were sampled. Six dogs were retrieved from the
University of Edinburgh database over a 6-year period, 12 dogs were
retrieved from the University of Glasgow database over a 3-year
period, and three dogs were retrieved from the University of Penn-
sylvania database over a 3-year period. The clinical features (exclud-
ing survival time) of 15 dogs included in this study had been pre-
viously presented in a short communication.9 In the group of West
Highland white terriers diagnosed with idiopathic pulmonary fibro-
sis, the median age was 10 years old (N = 21, range: 7–14 years). A
total of 11 West Highland white terriers were included in the con-
trol group (seven females and four males). These dogs presented for
staging of pathology unrelated to respiratory disease and had no sign
of respiratory disorder. The median age was 10 years (N = 11, range:
4–11 years).
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3.2 Computed tomography image acquisition
parameters
Computed tomography images were acquired with third-generation
helical and axial CT scanners [University of Edinburgh – helical
slice CT unit (Somatom Volume Zoom, Siemens, Germany; Univer-
sity of Glasgow – axial CT unit (Exel 2400 elite, Elscint Automa-
tion, Surrey, UK); University of Pennsylvania – helical CT unit (GE
ProSpeed, General Electric, Milwaukee, WI)]. Scan settings included
slice thicknesses from 1 to 3 mm for all studies except one with
5 mm slice thickness, pitch between 1 and 2, X-ray tube poten-
tial 120 kVp, tube current 116–279 mAs, matrix 512 × 512, recon-
structed with a high frequency algorithm (lung). High resolution
CT images consisting of 1 mm slice-thickness, small field of view
and high frequency algorithm were available in eight animals with
idiopathic pulmonary fibrosis. Images were acquired under anesthesia
during apnea following hyperventilation in order to avoid motion arti-
fact.
3.3 Descriptive computed tomographic and clinical
findings
A total of 15/21 affected dogs presented with cough, 19/21 with exer-
cise intolerance, 20/21 with dyspnoea, and all dogs had crackles on
thoracic auscultation. The duration of clinical signs varied between
1 month and 4 years for 20 dogs (median: 6 months). Only one dog
presented acutely with no previous history of respiratory disease. The
median clinical score was 2 (N = 21, range: 1–3). 76% of dogs had con-
current signs of chronic bronchitis on bronchoscopy (16/21). Eleven
dogs hadmild changes on bronchoscopy, three hadmoderate changes,
and two had marked nodular and oedematous changes within the
bronchialmucosa. Bronchiectasis (6/21), tracheal collapse (13/21), and
bronchial collapse (5/21) were also commonly documented on bron-
choscopy. Bronchoalveolar lavage procedure was abandoned in one
dog due to anesthetic complications. The cytology of bronchoalveo-
lar lavage revealed chronic active inflammation in 17 dogs, defined
as an increase in neutrophils and macrophages, and was normal in
three animals. The clinical score in these last three dogs was respec-
tively mild, moderate, and severe. The culture from bronchoalveolar
lavage was positive with Pasteurella multocida in 3/20 dogs. The CT
findings of these dogs with a positive culture were all graded as mild
(CT score < 1.25). Three dogs presented with a neutrophilia (N = 21,
range: 9.7 to 24.4 × 109 /L, range interval (RI) 6.6–12 × 109 /L). Bio-
chemistry demonstrated raised alkaline phosphatase inmost dogs (N=
18/21, range: 91–4948U/L, RI: 20–60U/L) amongwhich at least eight
dogs had previously received steroids, raised alanine aminotransferase
(N = 4/21, range: 177–393 U/L, RI: 21–102 U/L), and raised urea
(N = 7/21, range: 8.8–13 mmol/L, RI: 1.7–7.4 mmol/L). Twelve dogs
had a normal venous blood gas (12/13) and one animal demonstrated
a metabolic alkalosis secondary to respiratory acidosis. Arterial blood
gaswasperformed inonedog thatwashypoxemic (arterial partial pres-
sure of oxygen at 55 mmHg). Four dogs examined had sign of mild pul-
monary hypertension on echocardiography with a tricuspid regurgita-
tion velocity superior to 2.8 m/s (N = 12, range: 3–3.6 m/s). These four
dogs presented with clinical signs of 2–9 months of duration, a clinical
score varying from 1 to 3 and a CT score up to 1.25. On radiography,
the most common finding was a generalized interstitial to bronchoint-
erstitial pattern (17/17). On CT evaluation, the most common feature
reported was ground-glass attenuation (16/21). A focal reticular pat-
tern was noted in seven animals, a mosaic ground-glass in four dogs,
and honeycombing pattern noted in two animals (Fig. 2). Parenchymal
bands were visible in four animals, bronchiectasis in three and nodules
in two others. Traction bronchiectasis was described in two animals.
The median CT score was 1.25 (N= 21, range: 0–3). Time of death was
available for 76% of dogs with idiopathic pulmonary fibrosis (16/21).
Two dogs were still alive at the time of writing (113 and 453 days
after diagnosis). Themedian survival time after diagnosiswas 255days
(N=16, range: 1–1375days). The cause of deathwas known in six dogs
andwas related to respiratory failure for twoof them. Postmortemhis-
tology of the lung was available in six dogs. Chronic interstitial fibrosis
with type II pneumocytehyperplasiawasnoted in threedogs, pleural or
subpleural fibrosis in two, and chronic interstitial pneumonia in three.
Alveolarmacrophageswere described in three dogs and alveolar thick-
ening in two others.
3.4 Comparisons between computed tomographic
findings and clinical findings
Nine of the control dogs had mild pulmonary atelectasis on CT eval-
uation. All dogs of the control group were blindly given a CT score
of 0. Among the dogs with idiopathic pulmonary fibrosis, the clini-
cal score showed a moderate positive correlation to the CT score
(Spearman, N = 21, 𝜌 = +0.48, P = 0.029) (Fig. 3). We did not
establish a correlation between the survival time and clinical score
(Spearman, N = 16, 𝜌 = –0.35, P = 0.180), but did find a moderate
negative correlation between survival time and CT score (Spearman,
N= 16, 𝜌= –0.56, P = 0.025).
The median lung attenuation in dogs with idiopathic pulmonary
fibrosis was –563 HU (N = 21, range: –696 to –425 HU) and –761 HU
(N= 11, range: –842 to –708HU) in the control group (Fig. 4). The lung
attenuation indogswith idiopathic pulmonaryfibrosiswas significantly
different from control dogs (Mann–WhitneyU,NIPF = 21,Ncontrol = 11,
U=231, P<0.001). By choosing a cut-off value of –702HUoverwhich
all dogs are considered affected by idiopathic pulmonary fibrosis, we
estimated the false positive rate as up to 7% with a sensitivity of 97%.
An intraclass correlation coefficient was computed to assess the relia-
bility of the lung attenuation measurements for the 32 dogs included
in the study. This produced excellent intraobserver agreement for the
lung densitometrymeasurements (ICC= 0.984, 95% confidence inter-
val 0.967–0.992). The median difference between two measurements
was 14HU (N = 32, range: 0–53 HU). There was no lung density over-
lap between the two populations of dogs and hence the empirical esti-
mate of area under the receiver operating characteristic curvewas 1.0.
The simulation (adding repeatability noise) estimated the area under
the receiver operating characteristic curve to be 0.994 (95% con-
fidence interval 0.978–1.00) and the parametric estimate assuming
normal distributions for idiopathic pulmonary fibrosis estimated the
area under the receiver operating characteristic curve to be 0.985.
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F IGURE 2 Thoracic computed tomographic images. (A) Normal dog graded as 0. (B) Generalized ground-glass attenuation graded as 1 (mild
severity). (C)Generalizedmosaic ground-glass pattern gradedas2 (moderate severity). (D) Focal honeycombingpattern in peripheryof right cranial
lung lobe (arrow) graded as 3 (marked severity) associated with focal adjacent bronchiectasis
4 DISCUSSION
This is the first cross-sectional study demonstrating the correla-
tion between the severity of the clinical signs of canine idiopathic
pulmonary fibrosis and the severity of the abnormalities on CT.
We also established that dogs with mild changes on CT are more
likely to have a longer survival time. In human patients, the lung
patterns on CT have been well classified depending on their speci-
ficity for usual interstitial pneumonia.4,12,14,15 We based our grad-
ing scale on these previously published data. The appearance of idio-
pathic pulmonary fibrosis on CT in the dog is often described as a
ground-glass patternwith a generalised hazy pattern.8,10,11,16 Thiswas
confirmed in our study with 16 animal presenting this tomographic
feature. Focal reticular pattern and mosaic ground-glass pattern were
common findings (10/21) and were considered as a feature of moder-
ate severity (CT score of 2). Mosaic ground-glass pattern has not been
previously described for the appearance of idiopathic pulmonary fibro-
sis on CT in West Highland white terriers and was present in 19%
of the affected dogs in this study. Honeycombing is a severe reticular
pattern commonly illustrated in advanced cases of human and canine
idiopathic pulmonary fibrosis with subpleural location being most
commonly described.8,12,15 Compared to honeycombing observed in
humans, the degree was very mild in our study population, consistent
with a previous canine idiopathic pulmonary fibrosis study.8 Nodules
scattered throughout the lung parenchyma are described as well with
canine idiopathic pulmonary fibrosis although appears less common.5,8
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F IGURE 3 Clinical score and averaged CT score given for 21 West
Highlandwhite terrierswith idiopathic pulmonaryfibrosis asdescribed
in Table 1
F IGURE 4 Box-plots representing the lung attenuation on CT (in
Hounsfield units) in West Highland white terriers with idiopathic pul-
monary fibrosis and in unaffected West Highland white terriers (P <
0.001)
Parenchymal bands representing atelectasis or fibrosis are common,
but nonspecific findings within the pulmonary parenchyma on tomo-
graphic images. In a previous report the dorsal aspect of the lung
parenchyma was reported to be more affected in dogs with idio-
pathic pulmonary fibrosis, but the current data identified more diffuse
changes.10
There was a moderate positive association between the severity
of the clinical signs and the severity of the lesions within the pul-
monaryparenchymaonCT, and this findinghas not beendemonstrated
previously. While in human idiopathic pulmonary fibrosis, lung atten-
uation measurement is not considered reliable due to its dependence
to the respiratory phase, the affected dogs had higher lung attenu-
ation than control dogs.10 Apnea following manual hyperventilation
was induced in all dogs before scan acquisition, which may explain
the good reliability of lung attenuation in our study. We chose to
establish the cut-off value at –702 HU over which all dogs are con-
sidered affected by idiopathic pulmonary fibrosis. A previous study
reported lower lung attenuation in dogs with idiopathic pulmonary
fibrosis (mean: –735 HU, standard deviation: 55) compared to our
data (mean: –563 HU, standard deviation: 74) but the measurement
method was not described.16 High lung attenuation in dogs with idio-
pathic pulmonary fibrosis is unfortunately not specific for this disor-
der, but we believe it can be used as an additional tool in the diagnostic
process.
In this study, the survival time fromdiagnosis of dogswith idiopathic
pulmonary fibrosis was not correlated to the severity of the clinical
signs, butwas negatively associated to the severity of the imaging find-
ings. Indeed, advanced lesions on tomographic images tended to occur
in dogs with shorter survival time. Themedian survival time after diag-
nosis was 8.5 months, which is slightly less than the previously pub-
lished 13 months.6 Due to the retrospective nature of the study, the
cause of death was known in only a small number of dogs (6/16). It
is possible the absence of correlation with the clinical signs could be
related to the subjective nature of establishing a clinical score basedon
retrospective data. Computed tomographic findings are used in human
medicine as a prognostic factor and it does appear to be feasible to
do the same for idiopathic pulmonary fibrosis in West Highland white
terriers.4 Further studieswith larger sample size areneeded to confirm
our preliminary findings.
In one-third of the dogs that underwent echocardiography (4/12),
there were signs of mild pulmonary hypertension. This proportion is
slightly lower than the previously reported prevalence of 44% inWest
Highland white terriers with interstitial disease.17 These dogs with
mild pulmonary hypertension appeared to have a wide range of sever-
ity of clinical signs frommild to severe but all of them hadmild changes
on tomographic images.
In the current study, 76% of dogs (16/21) had concurrent signs of
chronic bronchitis. This comorbidity has previously been reported and
is likely at the origin of the chronic active inflammation of the bron-
choalveolar lavage fluid samples.8,19–21 Determining if abnormalities
on CT were attributed to another inflammatory process than idio-
pathic pulmonary fibrosis is an important issue. Most dogs had mild
changes on bronchoscopy (11/16), which alone was not sufficient to
explain the clinical signs of the animals of this study, and on that
basis it was not unreasonable to decide that idiopathic pulmonary
fibrosis was the primary diagnosis of clinical significance. In animals,
the most common causes of interstitial lung disease are infectious
agents, toxin exposure, high dose irradiation, immunologic, and neo-
plastic disorders, making tentative diagnosis much easier than for the
same class of interstitial lung disease in human patient.1 Additional
risk factors have been described in human idiopathic pulmonary fibro-
sis such as smoking, or environmental exposures to specific dusts.12
In the case of idiopathic pulmonary fibrosis-like diseases in peo-
ple several are described based on histological appearance such as
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usual interstitial pneumonia, acute interstitial pneumonia, desquama-
tive interstitial pneumonia, or organising pneumonia.5,15 Inflamma-
tion and fibroblast proliferation are common histologic features of
these disorders.5 Human usual interstitial pneumonia has been sug-
gested to resemble idiopathic pulmonary fibrosis in West Highland
white terriers, but the preponderance of ground glass opacity on CT,
suggests early canine idiopathic pulmonary fibrosis more resembles
human nonspecific interstitial pneumonia.2,3,7 The limited histopathol-
ogy from cases in this series and other reports would tend to
support that assertion.2,3,7 Histology findings in dogs include accu-
mulation of alveolar macrophages, alveolar luminal changes, honey-
combing of the alveolar architecture, thickening of the alveolar septa
with oedema, fibroblast proliferation, proliferation of alveolar type II
pneumocytes, but no evidence of myofibroblast foci (except in a few
cases) that is diagnostic feature of true usual interstitial pneumonia.2,5
A mosaic ground-glass and laterally a honeycombing pattern is found
in moderate and severe forms of the canine disease, and more
likely equates with usual interstitial pneumonia in human patients.
In canine idiopathic pulmonary fibrosis there is overexpression of
the cytokine chemokine ligand-2 (CCL2).1,22,23 This cytokine acts on
fibroblasts via an increased expression of transforming growth factor
TGF-𝛽 , which then leads to accumulation of extracellular matrix and
fibrosis.2,3,23,24
The retrospectivenatureof the studywasa limitation. Some investi-
gations such as echocardiography or arterial blood gaseswere not per-
formed in all dogs. The unstable nature of the animals was the main
reason for the missing data. High-resolution CT is recommended in
human and veterinary literature for diagnosis of idiopathic pulmonary
fibrosis.8,14 This technique does not require specialised CT equipment
but is a technique with thin slice thickness, a small field of view and
high frequency reconstruction algorithm to maximise spatial resolu-
tion. Such tomographic acquisition was not available for all dogs in
our study, which represents another limitation. A linear pattern with
interlobular septal thickening superimposed on ground-glass opacity
(so-called “crazy paving” appearance) has previously been reported on
CT in dogs with idiopathic pulmonary fibrosis but was not seen in our
study.8 This type of pattern may only be highlighted by high resolu-
tion CT, which would explain its absence in our study. The absence of
lung histology in 15 dogs is another limitation. We could not examine
the association between pathological and CT features because of the
small numberof histology results. Thenatureof thepulmonarynodules
detected on CT was not investigated due to their small size precluding
a safe sampling. Performing lungbiopsy is the gold standard for diagno-
sis of idiopathic pulmonary fibrosis but the invasiveness of the proce-
dure makes its feasibility difficult.18 Furthermore, this technique only
allows assessing a small portion of the lung parenchyma, which may
not be representative. The diagnosis of idiopathic pulmonary fibrosis
is challenging. It is common practice to perform a diagnosis of exclu-
sion from other cardiac or respiratory pathology (as has been done
in this study).8 The human 2011 idiopathic pulmonary fibrosis guide-
lines states that for patients not available for lung biopsies, a diagno-
sis of idiopathic pulmonary fibrosis only requires the exclusion of other
knowncauseof interstitial lungdiseaseand thepresenceofusual inter-
stitial pattern on high resolution CT.12
In conclusion, findings from the current study support the use of
thoracic CT as a diagnostic tool for grading of canine idiopathic pul-
monary fibrosis and developing clinical prognoses. The severity of the
clinical signs of canine idiopathic pulmonary fibrosis was correlated to
the severity of the abnormalities on CT in this sample of dogs. A gen-
eralized ground-glass pattern was determined to be a sign of a mild
form of canine idiopathic pulmonary fibrosis, whereas mosaic ground-
glass and mild honeycombing patterns was identified in moderate and
severe forms of the disease. Dogs with mild changes on CT were more
likely to have a longer survival time. Future investigations are needed
tomore definitively characterize the benefits ofCT as a prognostic tool
and method for assessing treatment response in dogs with idiopathic
pulmonary fibrosis.
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